Summary. The association between DNA insertion sequences located near the insulin gene and the dominantly inherited maturity-onset diabetes of young people was studied in a large family. The distribution of the restriction fragments was compatible with Mendelian segregation. However, no linkage was found between the DNA insertion sequences and this form of diabetes.
A highly polymorphic region near the human insulin gene, which begins 363 base pairs before the start of transcription and extends upstream, is generated by variation in the number and arrangement of members of a family of tandemly repeated nucleotides whose structure is related to ACAGGGGTGTGGGG [1, 2, D. Owerbach, unpublished data].
Furthermore, the size variation is not random and the tandemly repeated sequences exist in two predominant types: less than 900 base pairs (bp) or greater than 1500 bp [1] [2] [3] [4] [5] [6] [7] . The larger class of repeated sequences, which we will refer to as large DNA insertions, have been suggested to play a role in glucose regulation [3] and to be associated with susceptibility to Type 2 (noninsulin-dependent) diabetes mellitus by Owerbach and Nerup [4, 5] and Rotwein et al. [6, 7] but not by Bell et al. [1] or Ullrich et al. [2] . However, pooling the available published data from all reports strongly indicates an association of the large DNA insertions and Type 2 diabetes (p= 0.00036) [7] .
Here we have investigated a large family having multiple members with maturity-onset type of diabetes in young people (MODY) with onset in adolescence, autosomal dominant inheritance, no or very little insulin requirement and very few microangiopathic complications.
Subjects and Methods
The kindred studied here consists of 56 members and was investigated in detail originally by Johansen and Gregersen [8] . The individual numbers in the pedigree (Fig. t) 
Restriction-Fragment Length Polymorphism
DNA isolated from white blood cells of participating family members was analysed by restriction-enzyme digestion and DNA blot analysis [4] . Briefly, DNA is isolated from nucleated blood cells and digested with the restriction endonuclease Bgl I. The fragments are separated by size on a 1% agarose gel and transferred to nitrocellulose filters by the method of Southern [9] . The DNA bound to the filters is then hybridized with a 32p-labelled insulin-DNA probe. The probe was prepared from th e genomic clone ZHI which was a gift from Drs. G. I. Bell and W.J. Rutter of California. The linkage between DNA fragments and MODY was evaluated by lod score analysis. Lod scores were calculated by application of the tables in Race and Sanger [10] to informative parts of the pedigree. Only completely typed individuals were included and therefore gene frequencies are irrelevant.
Results
Figure2 shows an autoradiogram of the DNA sequences containing the insulin gene in DNA digested with Bgl I in 11 family members. In the family, four specific Bgl I restriction fragments of 2.8, 2.9 (L-alleles [4] ), 4.6, and 4.8 kilobases (kb) (U-alleles [4] ) are detected. The class of 4.6 and 4.8 kb restriction fragments contains the large tandemly repeated sequences (> 1 500bp). The presence of a single 2.8 or 2.9 kb sequence was determined by comparisons on the autoradiograms with individual patterns containing both sequences. For example, individual 21 has the 2.8 kb sequence while his father (number6) has both a 2.8 kb and 2.9 kb sequence (Fig.2) . In addition, all analyses were repeated to ensure accurate determinations.
The distribution of restriction fragments within the family is compatible with Mendelian segregation of the alleles containing them. Six different genotypes were Figure 1 . Secondary restriction fragments resulting from incomplete digestion with Bgl I are detected and have been described previously [1] [2] [3] [4] [5] [6] [7] . These do not interfere with the correct interpretation of the primary restriction fragments indicated at 4.6, 2.9 and 2.8 kb however, negative for all recombination fractions considered, and if a score less than -2.0 is considered evidence against linkage [14], a recombination fraction of 0.08 or closer can be excluded. The results are not inconsistent with previous findings of an association between the large-sized insertion sequences and Type 2 diabetes [4] [5] [6] [7] . The diabetic patients in the previous study were older at diagnosis, generally obese, and had a high frequency of macroangiopathy [4] . Together, these observations suggest genetic heterogeneity within Type 2 diabetes.
Acknowledgement. We wish to thank Ms. L.Aagaard for excellent technical assistance. tiple individuals with MODY. No association was found between diabetes and insertion sequences in this family. It has been suggested that the class of large tandemly repeated sequences located near the insulin gene is associated with Type 2 diabetes [4] [5] [6] [7] . We have previously examined the segregation of U-and L-alleles containing the insulin gene and associated repeated sequence in a large family having multiple insulin-dependent members and found the alleles to segregate in a Mendelian fashion [3] . In addition, we found the large insertion sequences to be associated with elevated haemoglobin Alc levels in the non-diabetic members of the family [3] . In the present study a large MODY family was investigated. As in our first family study, the different sizes of restriction fragments containing the insulin gene segregate in a Mendelian fashion. In addition, the resolution of four different alleles allowed an analysis of their relationship to MODY. The presence of six different genotypes within the diabetic members alone demonstrates conclusively that the 2.8, 2.9, 4.6 or 4.8 kb alleles are not strongly associated with diabetes in this family.
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